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ABSTRACT 


iieminveselpattomedealt with the problem of biorhythmic 
mereicadlyty and its influence on human error and accidents, 
based on data from 4346 naval aircraft mishaps in the Fiscal 
Mears) 1968-1975. Observed occurrences of mishaps were com- 
Peeed Under diffcrent aspects and compared against expected 
Gecurrences, obtained from a mathematical model. 

ihe findings of the study supported the relativity-idea 
imetie theory of Biorhythms: critical states of the three 
iormythmic cycles have different effects on groups of people 
Pemeeditterent Characteristics. For pilots, the study re- 
feeled nO Significant influence from Biorhythms by straight- 
forward application of critical days, as observed in previous 
fesearch. Significant results at varying levels between a = 
meeseand 0.03 were obtained when considering different age 
eroups among pilots. The intellectual cycle was found to be 
mitekcvant in connection with aircraft mishaps. A high nega- 
fies correlation was discovcred Become ne tne devi atvon, pe 
meeemeobserved and expected mishaps, when pilots under thirty 
years of age were compared with those above thirty (a = 0.117). 
iiewaquestion of increased significance when applying critical 
memecivals rater than critacaledays as defined in the concept 
peecne.) Critical Category" was answered negatively. 

iia tecvovMmiomm=ane ammkhicatiron Of Biorhythms in that ficid 
Pomecicbe@ercd tO Obtain a predictive device for operational 
PME vOses. beducing the accident rate by avoiding flying days 


PO prlOtseiinn disadvantageous criticality states. 
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I. INTRODUCTION 


fee 6} HE) 6 PROBLEM 

fomeaelone time, Since the beginning of industrialization 
in the Nineteenth Century, it was well accepted that the bot- 
tleneck of any system was the machine: high costs, limited 
availability, technological limitations, and unsatisfactory 
meeelapitlity of its parts and therefore the whole machine con- 
Stituted severe constraints in the productivity of any system. 
meampeeaoe only natural that all concentrated efforts of the in- 
dustrialized world were devoted to improvements of this "weak 
mete.) Mankind proved to be successful in that respect; the 
Sueereurcomtortable experience, however, was that the man hin- 
mem inad taken over the role of the weak link as machines be- 
mimes petter and more complex. People also began to realize 
that it was a much more complex and sophisticated problem to 
remove the bottleneck "man" than it had been in the machine's 
masc. What influences his performance am the neecssary man= 
Maemine interaction? How can one predict his behavior and 
Memtormance Variation in trying to accomplish his task? These 
mere some of the questions man meeeenmea in the man-machine 
minteriace. 

FiMOmler sdhdstierwchange Occurred in our attitude toward 
wien Sanees machine . It was only about one hundred years ago 
midtelOss Of @ Machine in many parts of the world was con- 


sidered to be much more severe than loss of a man (worker). 





Today we are not only concerned about good performance of the 
man but also about his safety and his welfare as a human 
Peammen Considerations like these led to the question: Being 
Mim@ole to Climinate it, is there any possibility to predict 
ae least the variations in human performance? If we could 
fmedict tames of ‘high' or ‘low’ performance, relative to a 
certain (possibly unknown) mean-level, many aspects of human 
Peeeewould»bewposreively ‘affected, making use of this know- 
meee. One of the numerous attempts to solve this problem 
maemeicme Concept of Biorhythms, first brought up at the end 


of the Nineteenth Century in Germany and Austria. 


eet: THEORY OF BIORHYTHMS 

Pine concept of Biorhythms claims that each human being is 
Mminemenced throughout his life by three different cycies, 
having a different period: 


hae o-day petmaod cycle, soverning (eleVe. joslanvess ian, 
@emd). tion. 


MeezS-day period cycle, governing the emotional 
eemcda tion. 


Peo spor medecyCle, Covering the intellectual 
Soma tion. 


Peeetree cycles can be imagined to have the shape of a sine- 
Mewes iadvine a positive and a negative half-cycle. They all 
meant Simultaneously at birth, moving upwards, and continue 
fimenanged through man's life. According to research results 
Mmievarious fields, accidents occur more often on those days 
Peto awe GloOustarptsmovcr again, or crosses the ‘'zero-line" 
Cretnewway stron Wieh to low [Ault and Kinkade, 1972; Thommen, 


ee oc eapire.! 909). [hese days are called “criticul days”. 
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Consequently, there are three kinds of critical days, depending 
Caenow Many of the cycles intersect on the axis on a given day. 
Im addition to the already mentioned critical day (one cycle 
mmtersects), there is a "double-critical day" (two cycles in- 
memeececmmmand a “triple-critical day"' (all three cycles inter- 
femme even higher accident possibility is predicted for the 
ieee critical days, especially those involving physical- 


em@eeronal criticality [Willis, 1972]. 


physical 
ee emotional 
ee: intellectual] 
e*@* critical days 





weeec 1, ithe Three Biorhythmic Cycles (Starting at Birth). 


meme -day physical rhythm has a positive and a negative half 
mamtlenwOreli-5 days cach, indicating better physical condition 
jimeche plus period and reduced physical capability in the 
ies -pertod. Ihe emotional cycle with a period of 28 days 
and two 14 day long half cyeles, predict optimism and posi- 
tively influenced emotions during the plus period, emotional 


Picci wade pessimistic attitudes during the minus-period. 


as} 








Maen incellcetual cycle with a period of 33 days and two half 
feretes Of 16.5 days length each are considered to be of minor 
importance to accidents, having more influence on mental 
mmertness in problem solving and similar tasks. 

It must be emphasized that biorhythmic theory does not 
feeeeOo predict absolute "states", it gives only relative 
@missiitications like a nominal scale does. That means that 
@memperson on a~critical day, which is considered to be very 
Ggysadvantageous still could perform much better in a certain 
moetindn another person, having the respective cycle at its 
Geremmum, just because of different initial capability. This 
Goma very well lead to a point that persons with above aver- 
memeapadllities in reaction time, motor response, etc. are 
meen tO avoid an accident in a critical situation, where the 
Mmeaperacy would have suffered an accident. This point will 


Peeeme important later in the study. 


feeeeatolORIC BACKGROUND 

History books tell us that about 400 HG. Hippocrates 
advised his students to observe "good" and "bad" days among 
@memimealthy and ill, and to take those fluctuations into con- 
ieebat1On in the treatment of the patients. 

Between 1897 and 1902, psychologist Dr. Hermann Swoboda 
Mem@iversity O£ Vienna) did some initial research on recurrence 
of pain and swelling of tissues. Medical review led to the 
Meescovery of the 25-day and the Z8-day cycle. Also, the first 
Bworhy times shide rule for determination of the critical days 


was designed by hin. 
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iemiocc admit odemspecialist, Dr. Wilhelm Fliess, M.D., 
discovered independent from Swoboda these two cycles, based 
Samaiacnosis and observations of patients. He called the 
meme cyele the ‘masculine', the 28-day the ‘feminine' cycle. 

iitemturrd cycle (intellectual, 35 days) was discovered 
imeem later in the 1920's by the engineer, Dr. Alfred Teltscher 
Mimeversity of Innsbruck, Austria}. He based his findings on 
academic performance fluctuations of .high school and college 
merdents, caused by periodic secretions of glands affecting 
fmfembrain cells. The same result was obtained by Dr. Rexford 
Memsey (University of Pennsylvania) in a study using data 
crem workers in railroad shops. 

About the same time people began to think about biorhythmic 
fmemereations in the field of accident research. The mathema- 
fmemans Dr, Alfred Judt (Bremen, Germany) and H. R. Frueh 
(Switzerland) had provided the necessary computational tcols 
in form of calculation tables and hand-operated calculators 
muemdetermination of biorhythmic criticality. In 1939, the 
mest intensive study with a data bas@ of 700 accidents from 
wiemtrance companies was performed by Hans Schwing, a student 
Peeeeee es owiss Federal institute of Technology in Zurich, 
Seeee@erland |Schwing, 1939}. Schwing came up with the follow- 
item results: Jaking into consideration only the physical and 
meemciovromal cyele, he found 401 accidents occurring on crit- 
Poarindiysee whieh 1s about 574. Of these, 322 fell on singic 
Benile weno Aone double critical days, and 5 on triple 
ite cnc cIMilar Strong significance of biorhythmic 
Criticality on accidents was reported by Reinhold Bochow and 
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Dr. J. Sennewald (Humboldt University, Berlin, [Bochow, 1954]) 
Mmrmestigatine 497 accidents of workers using agricultural 
fmirenminery., Of these, 26.66 cf the accidents occurred on 
peemele Critical days, 46.5% on double critical days, 24.7% 
Seema be critical days, and only 2.2% on non-critical days. 
lmememly known accident investigation in the field of avia- 
tion based on biorhythmic mea ae Performed With a data 
base-obtained from the Guggenheim Aviation Safety Center, 
Sornell Tee een MimolvtInoeprivatospllots. Of the Ob- 
femeved accidents, 80% occurred on critical days of the pilot 
(Thommen, 1973]. 

ime che Past twenty years, numerous private and government 
micemtvcions and businesses have made use of the Theory of 
fem ythins in connection with accident prevention, especially 
an Japan, Switzerland, and West Germany. Nothing is known 
Gmemere research and application of this theory behind the iron 
mummedin, except that extensive literature fell into Russian 
feoeemaiter World War Il, including many of the findings of 
teeowoboda {Thommen, 1973]. In recent rea. several studies 
peeumiversities in the United States have been reported 
meiielas, 1972). 

Pesca on these reported results it was felt that the pos- 
ieee OL a Significant reduction of accident rates in var- 
moms Military fields justified a thorough research in the 


mec ceyY. 
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ee UR OSE 


Weeident prevention 1S an important aspect everywhere in 
Mitemmliitary. Life, welfare, and health of the people are 
involved as well as the fact that Heeldents Cause hich Cand 
possibly unnecessary) costs to the budget. This research 
iMmestigates the possibility of using biorhythmic criticality 
meme revyention of aircraft mishaps, based on 4,346 aircraft- 
Meeps which occurred in FY 1968-1973 in the U.S. Navy. It 
Wetemereit that strong emphasis should be given to the follow- 
ing statement: The research investigated the usefulness and 
aopemeeability of the biorhythmic concept, as it was found to 
Memappsicable by the many scientists and institutions or 
piemesseS, mentioned in the Historical Background. It did 
not try to find reasons and causalities which lead to the 
phenomenon of biorhythms. Therefore, only the value of it as 
Seeeeorctive tool for people‘’s accident-likelihood as a func- 
Prem oL: the day was under question. : 

Mien ot the biggest problems previously in investigating 
mitewapplicability of biorhythms was the lack of appropriate 
data; also, it was just about twenty years ago that the 
availability of the computer and appropriate statistical tech- 
meaues made it possible to look at sufficiently large sample 
fmzes CO answer the question: Do accidents occur by chance, 
Pio menevmocelnesianittcantliy different from chance) ac- 


Sorte eeomyLoraytehnice criticality? The purpose of this 
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Bescarci) Was tO answer this question for the specific category 


iemaircrart-mishaps and the involved pilots. 





tii] THE MATHEMATICAL MODEL 


Assume an aircraft mishap has occurred on a given day. 
mee, the criticality of this day in terms of the biorhythmic 
Geomeation of the involved pilot can take on eight different 


mutually exclusive and qualitatively defined values: 


hee — non-critical 

P = physical critical 

i= emotional critical 

Mmearenrce: bectual critical 
PE = double critical physical/emotional 


imie= Couple critical physical/intellectual 


EI = double critical emotional/intellectual 
fele= traple critical physical/emotional/intellectual. 
Seeonaing to that, define a random vector As = eG Sa 


eee Xe5) = een Cocecrtpen gat teen LOrmy tint ecrcritiucality of @ 


given mishap day j, where 


= 1 = NC 
= 2 =P 
ees 

‘ = 4: ] 
eee Sr 
auere - | 
= 4 = ell 
om it 

and 


LG 





(tr rcne Mism@ap-caay j has criticality i 
Re.) 
1) 
(mie tne Mishap-=day j Mas Criticality other than 1. 
Mieneit 1S possible to compute the probabilities Pa» which 
Gmeenassociated with the occurrence of a mishap-day j having 
@mmercality 1, under the null-hypothesis that aircraft-mishaps 
@eemrred by chance and are not influenced by biorhythmic crit- 
meerity, such that heh eles le 
Mosume that in general, a set of n mishaps in form of 
Mmeeopridadte data 1s available (1.e., giving birthday of the 


pilot and day of the mishap). Then, let 


n 
= eae 
eae 
and 
— 2 av. 
= Pe = = (x. ) = (xX, ee Xo); Sime LU Seco, eee 0 


aiemeandom vector X is distributed according to the multi- 
memiral distribution with parameters nA and (p, Pee Dees 


ea the following properties: 


PROBABILITY MASS FUNCTION 


Px (x) == e Py © p ee ek Pe : 








for 


MOMENTS: E[X,] 


{I 


eo VIX, ] eee 
and E{X] = n(p, Py see. Pe). 


feominode|! wili be referred to as the "base model" later in 
miemctudy. the distinction seemed to be necessary because 
owen! Slight modifications in the dimensionality of the 
feeror X had to be applied in order to investigate problems 
Mmmoiving ditferently defined Sarees ie ne modi reas 
meemeconsiSted in these cases of combining appropriate cate- 
feiemeem1a Lopether, thus reducing to less than eight dimensions, 
Meeeiaimtaining the distributional characteristics of the 
model, In general, it always is based on a multinomial dis- 


meroution o£ the kind 


Py CX) = Py e P> eseeee Py ’ 
ee ae 
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where 


xX € Ry 
O<p; <4; 
k 

ye Pan = 
i=l 7 


Whenever this modification has been used, a short explanation 
about it and the necessary new definitions of the involved 
parameters have been added. As an example, the random vector 
Y = (Y, Y>5 Y. Yq) decentibesweie —erltlcal ley Ot ge mishap day 
Mmemererms Of the four mutually exclusive categories: non- 
metemed|!, Single critical, double critical, and triple 
Cri cal . | 

mecordingly, Pea ao ceee ie eee ed ey HO) 5. 24 els 
Yepresents the probability that a mishap day j has criticality 


meeeoliOWing the same rationale as the base case, except that 


now Y = f£(X) 3 Y, = X 


1 1 
4 

Ys = ee x. 
7 

Y, = ae X. 
i = Xo. 


A. PROBABILISTIC MoeEGls 

(oemineddy iehntionead, the distribution of the random wec- 
wer x (under the Nuli-Hypothesis of mishaps occurring by chance 
and unaffected by biorhythms) was multinomial with Probability 


Moc rOrey = (Py aun Pel: Therefore, the probabilities Deas 


KO 





|) ideo se COmpmcceameo Usemants null-distribution in 
Gmemiurther statistical analysis. A set theoretic model 


mecmemployed to obtain this information. Let 


Sesceworral) NWON-Critical days ; 


A 
Ee-= set of all physical critical days; 
a [cimotealleemotional Critical days; 
Messer of all intellectual critical days. 
evena 
Pije- set of all double critical days, physical/emotional; 
BAD = set of all double critical days, physical/intellectual; 
CMD = set of all double critical days, emotional/intellectual; 


Beem = set of all triple critical days. 


The basic application of Venn Diagrams might illustrate this. 





Ieeure 2, Set-Theoretic Model for the Calculation of the 
Pov domlitcyoVeetor ior the Nulil-Distribution. 


20 





Pipe, aieemelcemecessary set theoretic relationships, the 


Pietenmis COmeeiesprobability vector p were obtained as follows: 


P, = Penom—crruica | ) 
See yee ee PC) -  PEBAC) - P(BND) - P(CND) 
+ P(BNCND). 
Bae itciehe metre dGal ee pihy Sica | ) 
= P(B) - P(BNC) - P(BAD) + P(BNCND). 
Pz - P{single critical emotional) 
= P(C) - P(BNC) - P(CND) + P(BACND). 
Py, = Picameomen Gredlathie! }ectua ll ) 
= P(D) - P(BOND) - P(CAD) + P(BNCND). 
Be = P(double critical physical/emotional) 
= P(BNC) - P(BNCND). 
a Mico monerit peal physical/intellectuea 1) 
= P(BND) - P(BNACND). 
a Pid he seidttreal eMnotronal/amtelilectual ) 
weep ee P CBACAD). 


Pe = PCr ple enre1cal day) = PCBACOD) . 


The computation of the numerical values of the p, was based 
Gmmecie toOllowing rationale (explained for an example of the 
23-day cycle, the others are analogous). 
iiewsotmprecorrespondas to all Critical days of the 23-day 
Mmassweal cycle. The number of days until the occurence (ex- 
eluisavely) of the next critical day of this type, given it 
fee emOccurreds ds Cxactly the length of one half-cycle, 
namely 11.5 days. Therefore, one out of the 11.5 days in a 


Picouewmiii-cyele 1S a Cimtical one. Under the assumption 


21 








of the Null-Hypothesis that there is no influence from bio- 
Mmimsenmilc Critcicality, an accident (having occurred) is as 
Pekely to have occurred at a critical day as well as on any 
feemor the other days in the half-cycle, thus leading to the 
ieeweoL 2 Uniform distribution: the probability that the 
aaeedent OCCUrred Om the critical day is just 1/11.5 because 
@ivenlite of any man can be thought of consisting of a large 
meer Of these half-cycles, the numerical value will remain 
temanged, thus yielding the wanted probability that an ac- 


mmicnc OCCUrS On @ physical critical day by chance. 


ene? &h or 
Event Sie | Half-Cycle(1) Probability (Set)=1/(1) | 










Physical iste P(B) = re = 0.08696 
ene of ae L 
Emoc tonal C 14 ee aa oa U207 145 ; 
momeecllect. p> | Geo /P(D) a pore = 0.06061 
IPhys/Emot | BOC f P(BAC) = 
Phys/Int iS. oe P (BAD) 
} Loos? 5 
Emot /Int 14 x 16.5 = 231} P(CAD) = 
me BACAD 11.5 x 14 x P (BACAD) 
: eo 92656. 5 
Pie Lewscomputation of Probabilities for the Null-Distribution. 
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Using these results the numerical values of the unknown prob- 


ability vector could now be computed: 










PAO er ie ied! ) = 0.79644 
P(single physical) P5 0-07 5Ss5 
P(single emotional) Pz 0206226 
P(single intellectual) Py | 0.05155 
oom — = 
P(double phys./emot. ) p 0.00584 
> 
Eitdemb le, phys. /int.)} P¢ 0.00489 
P(double emot./int.) Py 0.00396 
aCe hes cyte realy) Pe hy peat 


8 
merit should be, «2 4P3 = 1. Also, the probability that a mis- 
map talils on a critical day of any type whatsoever is 1 - P, = 
0220356, which is in accordance with the value used in the 


mimeecd literature and previous research [Thommen, 1973] 


Pee OOLLECTION AND PROCESSING OF THE DATA 

titesdata base consisted of 4346 aircraft mishaps, having 
meemerecoraed in the fiscall years 1968 through 1973 in the 
files of the Naval Safety Center, Norfolk, Virginia. The data 
Contained pilot's name, cause code, date of birth, date of 
mishap, and was stored on magnetic tape. Because of the size 
of the data set, it would have been impractical and too time 
consuming to compute the criticality of a mishap day by hand. 
Therefore, a computer program had to be written to provide 


fines wit Oo Ma t 1-1). hie. pismweame atti. toO.Start watledie birch 


Lo 





eee Oletne pilot, which caused the j'th mishap, and to find 
Mremerate Of the three cycles at the mishap day. This yielded 
three numbers, which were compared with the pre-defined crit- 
met y detinitions, using logical iF-statements. According 
moms Procedure, one of the possible eight criticalities 

Was found to fit and printed behind the name of the pilot 
fweh as "PP" for a Single critical day physical; if the mis- 
meapmoccurred on a non-critical day,~the space provided for 
this information was left blank). A simple counter then sum- 
fraeuaed the number of occurrences of each criticality category 
momeniie 4546 mishaps. 

Presentation of the computer program itself here was not 
Considered to be of importance because of its triviality and 
Mitmeeact that a large portion of it just consisted of the 
iemessary programming procedures for extraction of the rele- 
Wamiedata portion from the master tape. More illustrative 
Siould be a sample of the actual printout, showing the display 


mune desired information. 
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Deena tol LCALAANALYSIS 


fee tHE BASE CASE 

imestirst question to be investigated in the analysis was 
whether the numerous previous findings in the research about 
mremectiationships between biorhythmic criticality and acci- 
femees  cOUld be supported or not. The critical days of the 
Mmumee cycles had been defined for this purpose in the classi- 


cal way,! as tollows: 


moaeaavecycle : Days 1 and 12; 

28-day cycle : Days 1 and 15; 

Peeaay cycle : Days) 1 and 17. 
Miemeoemputer output yielded the information to find the vec- 
cor Xo: Showing the number of mishaps which fell into each 


Geemeere C€ight categories of criticality: 


BON A ok ee es X eso Memo 0. 22 / 25. ial SO). 


g) 
iiemappropriate (and for this purpose@most powerful) statis- 
Mme test, to find out whether this observed outcome 

the multinomial distribution under the chance assumption, Was 
the x~-Goodness-of-Fit test. If the aircraft mbshops wer 
Meret aintiluenced by biorhythmic criticality, the observed values 
mmowlda differ significantly from the expected ones. If we 
mend, however, that the multinomial distribution with its 


parameters (computed under the Nuli Wyp@Shcesis that mishaps 


1 } ie Som, - ' ae . - 
tGlassical way’ reicrs tof ‘y 2 ey Lion 
Hectic previous mentioned 1 , 
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occur by chance) describes the outcome reasonably well, then 
mean De concluded that biorhythmic criticality was no im- 


petcant Tactor contributing to these mishaps. 


H.: X ~ Multinomial (n,p) 


Hy? Le false - biorhythmic criticality causes signifi- 
Gamely different mishap occurences. 


Probability of Number of Mishaps 


- . Cgeyrrence Under ~Expected Observed 
Paoteucality Ho» P; E{X,]=n-p, xX; 
Mem-critical ./966 Sc Oulano4 3469 
eengle physical pO OO S292 05 a5 
Single emotional .0610 20 020 279 
Sam le 

micellectual .0510 Dow) Zo 
Double physical/ 
emotional  V0GO oO 28 
Double physical/ 
mrceliectual .0050 Dea IL 
Double emotional/ 
micellectual .0040 a, ml 
ieee Critical Ue Io: 0 
0 4346 4346 


iomewlis  ¥ =lest for ethce Base Case. 


For n-@ (which could be assumed for n = 4346), the asymptotic 


meestribution of 


= ns). ) © 
ee LS y~ Waith  (k=1) deerees of frcedom. 


1 ae cael 


itemtevet sof Significance chosen was a = .10. 


a 





some problem was caused by one of the requirements of 
fies Statistical test: The E(X, ) had to exceed the value of 
Paeiiten was violated in the case of expected triple critical 
days, due to the small probability of occurence of this type 
Beeperiticality. Statistical theory recommends "grouping 
Mmeeether’ with another category as a legal and practical 
pmeecedure, given it makes Sense. Therefore, the combination 
femmreone™"or tthreedouble-criticeal categories was considered. 
It turned out that even when combining in the most sensitive 
way with the double emotional/intellectual category and thus 
mielating the value of V, the computed V = 5.72 did not even 
come close to being significant. The table for the y*-dis- 


meroution shows, for 6 degrees of freedom, the following: 


3.454 


x6 (25) 


I 


rer = ee a 


Therefore, the Null-Hypothesis was accepted. 

iemvas c£elt that some further illusStration of the observed 
mesult was advisable, especially umder the aspect of the 
imagines mentioned in the historic background. Because no 
ieeormation could be obtained about the frequency of occur- 
rence in each of the eight categories, for comparison sake 
ame etic Classification “critical” and “non-critical” was 
Meeas that information being available for all previous re- 
Tein loying the applicable binomial model, straigni- 
iomiarcmappdication Of probability theory yielded the following: 


Let 
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X = number of mishaps occurring on critical days; 
n = 4346, total number of mishaps 
p = P(critical day) 

Wincled ahi 
(eee De P(noOn-eritical day) 


ieeme. 1S distributed binomial (n,p) with mass function 


Nh Xx n-X 
xX) = ° p= Oe ess. 5 Te 
Py (x) = (,) P q n 


Because the sample size was large enough, the normal approxi- 


iesenon Could be used, such that 





Bea 
a xX. X= np 
X vl 


Woeme, 2 1S normal (0,1) distributed. 
Prem on this distribution, the probability of an occurence 
Game — S// critical day mishaps out of 4346 could be com- 


puted using 


tH 


p = 0.20356; 


I 


np CoO G 
Ynpq = 26.54. 


Applying the continuity correction: 


26.54 0.27 ; P(Z>z) = 1-P(Z<z)=0.6064. 


ee 


Comparing this with the results obtained by Bochow and Senne- 
mea [1954] contradicts their findings in a very drastic manner. 
imey Only had 11 out of 497 accidents occurring on non-critical 
mee ercorresponding to a 2 of 42.8 in the normal (0,1)-distri- 
Pteron, saevalwe which is practically 100% significant. (Sch- 


remind loaned atl the emotional and physical cycle only, so 


Ze) 








©o 
© 


015 g Ty (x) 


<7 


Oesenrvea x = "8/77 | | = .10 
p(x>877) = 6 | = 919 
Lol 
| | Be@uebisc dust Or 
f rejection at 
’ r= aren 
| \ x = 946 
7 0 0 5 : 
Po REAR GL ES LOW IRIS APTS. OLE TDI TE AIG OE IE SS EE ee ee x 
825 845 865 oe ee. 5 925 945 965 
885 


feeetaee 4. Normal Distribution (Density) for the Base Case. 


meeemparison with his results will follow under the modifica- 
Mmions) tO this base case. The striking difference in this 
€omparison required further investigation. The two most 
measOunable explanations seemed to arise from the fact that 
Ememsample size of 497 accidents was not large enough, to 
yield sufficiently high power, and that a completely differ- 
ent population was used (workers with agricultural machinery). 
Mivmeeiatter fact gains even more importance under the aspect 
Of a report about the only known study of biorhythmic crit- 
meality im connection with military aviation, published by 


mrenU, S. Air Force (cited from Thommen, 1973) in March 1972 
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Wiajyorn 1. Brady, USAF, editor of TAC Attack; report published 
Eeaeeme Department of the Air Force, Headquarters of the Tac- 
tical Air Command, Langley Air Force Base, Virginia). A 
meee ot 59 aircraft accidents with "pilot only" cause fac- 
Mmeemene analyzed, and 13 of those occurred on critical days 
of the pilots. Interestingly enough, 12 would have been 
Peected under the chance assumption, yielding a probability 
wemerecurence “OfV0N52 - a value, supported by the findings of 
Memes tidy, This led to the possible conclusion that be- 
Cause of the characteristics of the population under inves- 
meeeron (pilots), the influence of biorhythmic criticality 
Silman E€rror was in some sense ‘overcome’. Pilots are a 
very special group of people with higher than average capa- 
Peet ye in Many respects: specially selected and fulfilling 
physical, mental, and intellectual minimum requirements, they 
Meee be 1n better shape at a critical day than some average 
Memeo Oll a non-critical, measured on an absolute scale. 
Fimuehermore, the dangers of their job-specific tasks are 
fiienemore apparent than in the every day situation of driving 
a Car, thus reducing the uncertainity of a hazardous event. 
fomely, pilots are even trained in that respect - their be- 
[weer in Critical situations is not as random as that of the 
average person getting involved in a car accident. These 
memsiderations led to the necessity of further research, 

more concentrating on the question, whether pilot's accidents 
in general are unaffected by biorhythmic criticality, or 


miether the influence only shows up under different aspects. 





Fave such aspects were investigated, as shown in the follow- 
mimesectionmunder “Modification of the Base Case": 

ieee torhytnmic criticality and the pilot's age; 

eeecomplete Climination of the intellectual cycle. 
Meeoen-. irrelevance on increased accident-probability, 
thus masking an effect by the other two cycles (two-cycle 
model); 

mene Imiiwence of the state of the second cycle on 
a critical day of the first cycle, assuming the two-cycle 
model ; 

weeeine problem of the “critical category"; 


Welle equcstion of “accadent-typec". 


Pee OOLFICATIONS OF THE BASE CASE 

mie, aspects under whicn the 
(eee intluence aircraft mishaps, other than just the crit- 
Geqmecdays aS investigated in the last section, are either 
fmmcrease Of criticality, caused by unfavorable states of 
miemouier Cycles or secondly the climanation of masking ef- 
foameon Or thirdly the categorization of pilots into various 
@eoup>s With common characteristics. 

Pe tonmtnmic Criticality and the Pilot's Age 

(rrtrcale days occur due to biorhythmice theory with 

metemsame probability throughout human life. However, the ef- 
ierermror those critical days on (in this study) pilots might 
Mieeebe the same for different ages. For example, the emotion- 
gi criticality could influence younger pilot's much more due 


meme iiehighier sensitivity than the more Stable oider pilots, 


LAN 
to 


miliarly, a relatively better physical condition might re- 
omecew the anftiuence of physical criticality for younger pilots 
Whade having more severe effects on older pilots. After 
discussions with pilots at the Naval Postgraduate School 

as well as from the Naval Safety Center in Norfolk, Virginia, 
imiemroeO pllots in the data set were divided into five groups 
memo) CO Obtain meaningful “cut-off" points. Defining T. 
Gewanemage of the pilot intthe year of the accident or mis- 


Mepeeerespectively, the following age-groups were used: 


Group Interval 
- Y, Sec Cats ) 
2 7 Sas ie ee 9 
5 i Se 
4 oa: te Soe 
5 40 < ie 


Peieewithin each group, there are the eight possible crit- 
memmity categories as already defined earlier. Again, the 
iwmeetypothesis to be tested was 


Hi xX ~ Multinomial (nksp) 


Hy? Hy false 


mame Significance level of o = .10. This time, a x*-con- 
Mmemleency table had to be used, taking ‘criticality’ as columns 
pd 'age group' as rows. Because the criticality-probabilities 
were already known under the Null-Hypothesis, these parameters 
Maa to be considered as fixed and to be accounted for in the 


Somputation of degrees of freedom. 
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icwrOllovwine esults were obtained; 


Sraticality A 
Group NC E> & ieee PD CE Seis To teal Ps 
1 404 28 26 26 4 1 0O 0 489 .1125 
2 ISS ee Kooy 156 t22 49° 10; 7 0 57 oe aA 
5 579 61 45 54 oe 0 ZO 1 Oy C 
4 418 41 38 Soe 3 ee 0 S510 eee 56 
5 ial Ly 14 Oe 0 ae 0 LAA Od S 
Total SAO wo lee e2 FOR te 2 2 Oe, hy ae 0 4346 
IE PERN So. gra ses as computed in the previous analysis 


-J 
fewer iit, x*-Contingency Table (5 Age Groups, 8 Criticality 
Categories). 


In order to fulfill the requirements of a y*-Goodness- 
Meer test, the terms . = np; Pej have tO,execed the value 
o. the test allows the compining of categories, such that 
meer than twenty percent of the cells have a < 5, and none 
of them 45 wie (hese {requ cncinee make sine ct when, COnb imine 
miemeretcicality categories PE, PI, EI, and PEI to the new 
@eeevory “MULTIPLE CRITICAL", obtaining the new P Dy aust 
mooene the single probabilities of the mutually exclusive 


womoeined categories. The contingency table then took on the 


more snown in table IV. The test statistic used was 


SS a ee ene peg) 
Y= rs . ab 


which is approximately x*-distributed, with re - (r-1) = 


eee] 1 = 20 desrees of freedom. X20) (-99) eee ie 
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fee 2 pecause 2,2 < 28.41, accept the Null-Hypothesis.” 


Non- MuULti pee 
Certical Je iE IL Creed: 


404 
iL 
389.46 | A 
156 





N 


eos 74 ieee 35.82 


61 





Oreo 
418 


\ 


28.96 
7 
eee 
44.48 |%. 
41 38 zs 35 6 
4 2 
os a 40.81 4 32.96 hy, 8.4 
14 
vw As 


ie: . 0 3.22 


ty 


170.44 Oe 25 


MapmewlV. x*-Contingency Table (S Age Groups, 5 Criticality 
Catecorres|). 


2 ; 
iimaeceneral r X ¢€ table with r rows and c columns, when 


Meesting for independence, there are r-c-1-(r-1)-(c-1) = (r-1).- 
me-1) degrees of freedom. In this case, however, the parameters 
m@epearing in the rows are the elements of the probability 

vector of the null-distribution and, therefore, known under 

fie 20 they do not have to be estimated and the appropriate 
mesvees Of freedom are r-c-1 - (c-1) = re-c = c+(r-l). 


aD 


D-opete Seis iNSigniticant result, some interesting 
Ovservations could be made from the interpretation of the 
Somermgency table, especially with respect to a "masking 
Caect'': 

Deticom relevance of the antellectual cycle in 
@omm@ection With accidents became apparent, supporting Sch- 
wing's study, who had eliminated this cycle completely in 
mmeemodel,. In fact, the intellectual criticality secmed 
ieetemeo inflate the degrees of freedom, without contributing 
to the value of V. 

b) A Similar observation could be made especially 
Pmoeme Oroups of pilots over 30 years of age. Being older 
Baeemere experienced, therefore, (a valid assumption in the 
Case OL military aviation, but not necessarily in other 
mfiews), they were practically uninfluenced by biorhythmic 
Mememeality: expected and observed values were extremely 
m@ilteses Naving the same effect on degrees of frecdom and the 
feumtemot VY like the intellectual cycle. 

Se coetar Unexplained are the very small numbers of 
accidents in some cells, sometimes up to 25% less than the 
expected values. Many reasonable explanations are possible 
ZMretnas phenomenon, for example, that the bad overall phys- 
meeieedays plays the role of a ‘warning device'. The lack of 
@apapility relative to other days becomes more apparent to 


mteepilot and leads him to even more attention and concen- 


mration. it was felt, however, that such considerations 
were too much in the direction of speculation. A thorough 
mide cic should be left as a topic for further rescarch. 
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eee eGt OL the Elimination ot the Intellectual Cycle 


Mimordenetoriave the possibility of a comparison 
with Schwing's results [1939], who included only the phys- 
ical and the emotional cycle in his study, the base model 
was modified in this sense and the probabilities associated 
Peeeaeehe new criticalities computed. Instead of eight as 
Smee itewDase Case, four possible criticalitieés were accord- 
mew, defined: 

Mom Vvel=-Cricical: 

meeeoinele critrveal physreal: 

Pemoliele Critical enotitona |: 

4. Double critical physical/emotional. 

Peoitonmaps Occuy Dy chance, tiie distribution an thas 
case was assumed to be multinomial (n, (py P> Pz P4)) such 
that oN P; = ee ae p, were computed in the same manner 


fea the base model and came out to be 


ya mea 7S2O08 7 = 2o476 

P5 = BOO oo Vea a Ulotic 
Pz = pticnz 175915 =. 0652 
ea POO cells Onk 7. eaOta 


Mieepurpose of this was not to "re-do" the analysis under 
mendations which look more "promising" as far as rejection 
of the Null-Hypothesis is concerned, but to compare the 
midaings of this study with the previous ones listed in the 
mrstoric background. 

Running the same type of y*?-test as in the base case, 


fisicdmon the tollowing table did not show significance as 
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few, the hypothesis again questioning the multinomial dis- 


Eyroution with a = .10. 
Number of Mishaps 
Critical ty P; Expected Observed 
hemecritical .8478 3684.65 S096 
Semele physical .0808 Soo Se 
Single emotional Ors 2 2585.45 290 


Mouple critical 


emotional/physical 0062 27.00 20 


ho tail eG 4346 4346 


Table V. y*-Test After Eliminating the Emotional Cycle. 


X¢3) 00 oe? 5 


V 


I 


ico = 6,25 Se ACCepe the Nm) Hypothesis. 


[tmenermore, the normal approximation to the binomial dis- 
tributed random variable X(=number of mishaps occurring on 
@@mercal days) was applied in the Same manner as in the base 
ete, In Schwine's study of 700 accidents, 401 of them oc- 


Perea On Critical days of the people involved. Then 


n x n-X _ 
p(x) = (2) ps. qh, x 


n = 700 


HI 
co 
Ne 
— 
Bo 
‘e 
we 
— 
a) 


P PCr eal day.) = PotPztPy 


glo 2 


tH 


(alee De = De PO 4 fa 
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Peeduse fn is large enough, X 


4 


N(np,npq). 


eo eee 5) — 700+ (152 


mi 401) TOOr is eye eis LE 


- P(X<401) 


[Pike wureuoctnewald’Study, this was practically 1002 
Smemrricant in rejecting the hypothesis of chance - occur- 
meee OL accidents. In this study, 650 out of the 4346 
fMim@eenaitc-mishaps had occurred on critical days, which was, 
moti, very close to the expected number of about 661. Go- 
ing through the analogous computations yielded a probability 
Mimeapout .68, associated with this number under the Null- 
Ipaee@enesis. Being wery close to the result obtained in the 
base-case, the removal of the intellectual cycle had not had 
feet tect. this was not so in re-analyzing the effect of 
emery thmic criticality with the two-cycle model, using the 
feocmes of the last paragraph and applying it to the two age 
fees Of pilots under 350. Testing the Null-Hypothesis of 
ferdrt mishaps occurring by chance against the alternative 
Geeeeorhythmic criticality influence under the described as- 
pects turned out to show significance. Applying the Goodness- 
meyt test to the contingency table below, the Null-Hypothesis 


fee jectcdeat the a = .10 level of significance. 








tl 
HM3 bo 


V 


df (a2 sbete Sie 5 et See 


i 
—_ 
4 
© 
! 


X¢4) 6-99) 7375 ==—> ieee 1 


OY 





Brrticality 
Age Group NC Ee E Rotaieepe 


430 


rey 
Z Ces SD ilo. 
Oe) 154.64 eZ. 
a — pw fe ls pe | 
1 


| Sosa 


Table VI. x2-Contingency Table (2 Age Groups Under 30 Years, 
wey ele” Mode |). 


ieewase elt that a Short) word avout the course oF 
the whole analysis should be added here. The situation was 
wetyeemuch like the famous search for the needle in the hay- 
mek with the additional difficulty that it was not even 
Mmitemithnat there was a needle at all (a Significant influence 
aemeovorhythmic criticality being the "needle"). If Bio- 
migaems are not affecting military aircraft accidents, every 
Mm@eeisctical test on the randomness of these occurring should 


mov iecld significance, whatever aspect us looked ats. 1f 





miferhnythms have an effect, there are uncountable factors 

under which their influence could show up, if it did not in 
mie base model (as it was the case). The problem is similar 
to the search for an unknown bias of a die: tossing it 4000 
times might not show the bias, giving the expected number of 


each side. The bias might be hid .n, showing only up under 


A0 


Meatdin treatment of the die, as for example a carefully 
@esigned inertia effect, favoring fives and sixes only when 
moo5ing a longer way, or with a certain strength, etc. 

fimere 1s just no other way of detecting such an influence 
imam testing some of the numerous possibilities and thus 
eaetlasking' it by removing the "noise". Without having 
been added to the study, many of these possibilities had 
been looked at, like carrier landings only, night landings, 
Mesmaps With fatalities, etc., none of which had shown an 
meet trom biorhythmic criticality. The first aspect, 
mreowing this influence, was in the just described modifica- 
tion of the base case, looking at the physical and emotional 
@eelle and testing the mishaps of 2868 pilots under thirty 
years of age, divided into two age groups above and below 
womeesiorhythmic criticality was found to have a significant 
Seeeect on the mishaps at a level of .10, however, with the 
Semi unexplained phenomenon of the occurrence of fewer 


mishaps than expected. 


ee oingle-Criticality and the Staemot the Second Cycle 
» in the Two-Cycle Model 


It has been pointed out in previous research [Thommen, 
Mio that there are some states of the cycles causing even 
more unfavorable conditions in connection with accidents than 
Mrise Critical days. In the two-cycle model, the state of the 
Second cycle has been claimed to be of importance, given the 
mirject had a critical day in the first cycle. 50, (oie. = 
ample, a positive state of the emotional cycle on a physical 


@itical day might lead to over-estimation of the current 
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Mmysical capability. Therefore, the data were evaluated to 
meot the following hypothesis: do aircraft-mishaps occur 
eouabty likely on critical days, irrespective of the state 
Of the other cycle? 

LE tase impOortant again £orbuild a model represent ing 
@femeituation under the Null-Hypothesis of biorhythmic ir- 
Mmmeeance, 1.C., mishaps occurring by chance. This time, 
mmomeemnplete cycles were smgies: MIVvestieadtron racier than 
Mie ceeneir critical days, which required a new model. For 
Meeepurpose, the state space of the two cycles had to be 
defined, introducing new notation: 

etree symbol 

mvs deseribe the critical day vot a Gycle. 

moe woecceraube the, positive siaus Of a GyCle: 

mo)’ describe the neeeaive halt of a cycle. 
memes the state of the 23-day and the 28-day cycle together 
Sommeceebe described in terms of an ordered pair, the first 
element being the state of the physical and the second ele- 
Hemmebeing the state of the emotional’ 'cycic. The state 


Eee was therefore to be defined as 


pee O C05) C0 Cas 0) CO 355) 5-52 eae)? 
The methodology of computing the probability of each ordered 
pair occurring was the same as already used in the base neae le. 
Petore a particular state of the two cycle repeats, a period 
mes times 28 or 644 days elapses. The respective proba- 
bilities are then found by application of the uniform property 


under the Null-Hypothesis, dividing the number of days the 
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meercs avec in that state by the total length of 644 days. 
Beeause the intermediate states of ane two cycles, where 
none of them is in a critical state, have not been of par- 
fueihar interest here, these four ordered pairs were com- 
Pamed tO a subset called "intermediate states", such that 
Meee’, *),(*+,-),(-,+),(-,-)} 

The following table gives then the associated 


Pme@babilities. 














Bee v,0)) = a : ar 0.00621118 

P[( 0,+)] = P[(0,-)] = gape 229 = 0.0403727 

meee?) ) 8€6= P[{-,0)] = ay . “at * 0.03269 

meee) 6 UPL (+5+)) = PL(-,+)) = PIC-,-)] 
= mat : a = 0.2119565 


Expected number = n2P State Observed) Number 


Under S0evears, Under 30 Years 


IE 30 and 30 and 

State [State] Years Older Years Older 

romeo §6—. 0062 yee oak os 23 5 

moe) 660404 ee Soo 96 66 

wee ))6=6ClC 0404 ieee So 07) 111 59 

feo) .0326 OZ £S-20 95 45 

Meno) .0326 G5 Z AST 94 56 
nedorg +8478 2431.57 1253.08 2449 1247 

TOTAL 1 2868 1478 2868 1478 

moe Vil. Observed and Expected Mishaps for Two-Dimensional 


Cp wba bity obates Under eine [we 7Gyvelc Jleded: 
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RemiacmpOsetole CG mbes e the Significance of the 
observed number of mishaps which had occurred on days of a 
given state, by applying the binomial test and using the 
normal approximation for large samples. While some states 
Gmammot Show any significant deviation from the expected 
Values, others did. Again, as observed already before, 
meeery large deviations to both sides of the mean occurred, 
Ponemeimes in the opposite sense for the two age groups. 
Computations for the most interesting cases are shown below, 


where Z = number of mishaps of that state, Z ~ Normal (np,npq) 


peeore (0,0), under 30 
Wemibe Critical physical, emotional; 


feemecoos; p = .0062; q = .99583 z = 23. 


II 
jad 
! 
Oi 
= 


Pize2s) = 1 - P(z<23) = = ote 


Seaee, (0 ,+) under 30 
Eeameote Critical physical, positive emotional ; 


meee oc; p = .04037; q = .95963; z = 96. 


Dig Uo ie oe 
pp Gert te | 


P(z<96) = 10754 


= $(-1,83) = 0.0336. 


meote, (0,0) 30 and older 
Double critical physical/emotional; 


Smeei47S: p = .0062; q = .9938; z= S. 


x eee | = cee) One 


a) ~ ?l 3,02 a 





peaee (0,7) 30 years and older 


meme le critical physical, positive emotional] ; 
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Me=)t478; p = .04037; q = .95963; z = 66. 


P(z>66) = 1 - P(z<66) gp (COD. >) ~ 82-67 | 


I 


Is Ge = se OGe 
eee, (-,0) 30 years and older 
boemeronal cycle critical, physical negative; 


Weeer4+/S; p = .0326; a = .9674; z= 56. 


pp (5620.5: igihle 2 - 48.2 | 


PG 56) = 1 - P(z<56) ag 


I 


= -O C07) = 0a 


ifeeresults in connection with the state (0,0)-double criti- 
Sweety --are not new and have been listed just to show the 
discrepancy between the age groups under that aspect. New 
iments were gained by the analysis of the other states 
ampere, leadine to the following conclusions: 

me OGL eps lots Under GN cance o. sate es ema. 1, - 
fee, less mishaps occurred on physical critical days, when 
@iemenOtional cycle was positive (significant at the .05 
meyer. this supports the theory of the emotional cycle 
Bemimee the strongest influence in connection with accidents, 
Mmemever, with the restriction of being valid only for the 
wreeqri1ed age-group. 

b) Remarkable was the opposite effect of the crit- 
meee physical/positive emotional state on the age group above 
marty. Despite a rather low significance, the inversion of 
mie effect compared with the younger group seemed to be 
worth mention, svpporting the possible age-dependency of 


Daorhythiis in coiuection with accidents. 
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Jee SO peor Ona leeriticality together with @ 
negative physical state caused more accidents to happen in 
the age group above thirty. This supports the idea of in- 
Syeesing importance of the physical cycle for relatively 
@lder pilots, given there is emotional Chie lNcality “(tie 
positive physical state in connection with emotional crit- 
icality showed less than expected mishaps). 

aie inethe case of double criticality, the highe; 
experience of older pilots seemed to play a role, leading 
Mempeme correct interpretation of the reduced capability at 
cmemecays. It is at least reasonable to argue that the 
Pomimeer pilot with less experience is not inclined to draw 
Gemeeenclusions out of "feeling really bad" at a certain 
Gayeand, therefore, paying even more attention. 

intmorder, <0 9et an 1MpressioMm of tne Mature of this 
@emmelation between the younger and the older age group, 
the normalized deviations from the expected values were 


momked £01 the criticality involving states. 


Pilots Under 30 Pilots 30 § Above 
State Deviation in % Rank Deviation an % Rank 
ceo ) ae ee a i =) Seong : 
0) + 1.58 2 - 6.64 4 
fi, 0) 0s) 3 oP Sale Geaades 1 
Oa ape. 14 4 eo ieee? 3 
+) eee 00 5 = Oo. Z 


(rc ge rf PPS SS ss iS ne nn nn nT TT 


lime VIII. Determination of Kendall's Tau for the Two- 
Dumensilonual Crrvticaiaty Staves Wider Tiwi. o 
Cycle Model (Pilots Under and Above 30 Years). 
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The ranking was applied such that the high positive devia- 
tions ranked first, down to the highest negative ones as 


foc. Computing "Kendall's Tau" as a measure for the cor- 


relation showed a value T = -0.6: 

State Cue) CaO) C70) (0,-) COG) 
Under 30 il Z 5 4A 5 
30 and Above 5 4 1 3 2 


S = (0-4) + (0-3) + (2-0) + (0-1) = -6 


(eter catia) ~ ©eis7 ~ ~0:0; Signidicance Vevel associated 
Oe) 32 with that correlation aes UG 2 


ihe megative correlation was further Support of the argument 
that the effect of biorhythmic states is reversed between 
fommaer and older age groups. 
malic Problem of the “Critical Catvepsory” 

Hoes [41972 | deveined the = CriereaeCatecom~ a5 etic 
Pemmod Of time, which includes the day, and a 12-hour period 
peer side of the day during which the curve or curves cross 
imemzero line from positive to negative or negative to positive. 

imereencept was in so far considered to be of impor 
fomec, as many of the critics of biorhythms address the matter 
@emexact length of the cycles as well as the strict definition 
mee critical day"'. These critics are based on arguments 
like the Homibewine, which were considered to be valid: 

ae Bierhythmic theory proposes «iat two Persons, 1cn 
the same birthday would be said to have identical biorhythmic 


cycles throughout their lives. However, they might be born 
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almost 24 hours apart: one of them ten minutes past mid- 
iene, the other one 23 hours later - but still on the same 
day. 

by) ya bag problem - particularly in this data set - 
meemeene question of the different time zones. If the pilot's 
mishap was recorded in a different time zone than the one 
ifemwas borne in, there may be differences up to several 
meres thus distorting the true state of his cycles at the 
Seeirrence of the mishap. Unfortunately, not enough in£for- 
ieron was obtainable to 'clean' the data. Therefore, a 
met born at the east-coast of the United States might be 
mecorded in connection with a mishap (local time) in Vietnam 
Mamppoard a carrier in the Mediterranean, his criticality 
moms mot correctly being evaluated. 

| Siwenotvher problem Occurred Ine enercrlelcality .aer- 
im@eedon of the 28-day emotional cycle, having its intersec- 
tion from positive to negative at the end of the 14th day. 
Paeerdingly, the "critical day" occurs 12 hours before and 
after that point, which would require knowledge of the exact 
hour of the accident. 

Owewturther aspect Of Impertamec.15 the close re 
semblance of the 28-day emotional cycle and the female men- 
strual rhythm (the following is cited from W. P. Gola hig 
'Biological Rhythms and Human Performance’, 197 1. Seite Seas 
Penblance to the fixed 28-day emotional cycle is striking, 
however, the female menstrual cycle does not have a fixed 
length: its mean 1s reported to be 28 days, with a range of 
yeeteen ss days actual length [Redgrove, 1968]. Extensive 
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research has been done to describe human performance (in- 
@eeeing Critical incidents such as crime, suicide, accidents) 
treame the female menstrual cycle, finding a very close fit 
fomene general shape of the 28-day emotional cycle in bio- 
Piyehmic theory. June A. Redgrove’s article reports several 
Studies which found that suicide occurs most frequently dur- 
ing menstruation [Rosenzweig, 1943]. Crimes occurred at an 
increased rate both menstrually and pre-menstrually Pal ton, 
ioe Morton, 1953]. In a typing-study, the same 'division' 
mreoer4 parts like in the biorhythmic 28-day cycle was found: 
eee ays, 8-14, 15-21, 22-28 [Redgrove, 1968], and the daily 
feet ion throughout the cycle was stressed. Dalton [1964] 
momma significance in the study of accidents falling more often 
in the menstruation period. In all these cases, two important 
@spects had been considered: 

aieetice individual) length of the whole eyele 1atner 
miteamea t£1xed 28-day cycle; 

my the menstruation period ifseli is a time anterval 
matm@er than a single critical day like in biorhythmic theory. 
Piteoe the cycles for one woman vary significantly. 

[feeaprove's article cites a study of more than 30,000 cycles 
feeeeea rance of + 6 days for two successive cycles.) 

Based on these considerations, the data were evaluated 
Mereonly under the aspect of the criticality definitions used 
in the base case, but also under different definitions looking 
at two and three day intervals, thus defining a ‘critical in- 


terval! rather than just a critical day. This analysis took 
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imec account all the possible distortions by time zones, the 
poorly defined critical day of the emotional cycle (between 
Uiemnalit-cycles), and possible individual slight variations. 
With that, the hypothesis could be tested, whether there 

was a Significantly different result than for the base case. 
Rie ditferent criticality definitions (including the base 


meee) were then defined, classified as ‘Run 1' through ‘Run 5' 


tape IX. .Possible €riticality Definitions, 








yee Critical Days 
Pes tee 
Feta EM als 
mme-day as See a 1 eee ee 
Versions PHYS 1,12 
Run 2 EM 1,14 
INT Pie 
Pio Oa alee 
Run 3 EM Ode es 
Two-day coe Seah ee es ae are ee as Oe Abr! ie Pn eae es ee 
Versions ERE Lc pha lS 
Run 4 EM eee ale a5 
INT Ice ieee 
PHS re ery ad Wel ee ag od 2) 
Three-day 
Run 5 EM Oe iz cl een 
Versions 
INT Oe ls 2 eee eles 
The question to be answered was: Does the signifi- 


Bance of biorhythmic criticality as an influence on aircraft 
mishaps change when two or three day intervals are defined 


@seceritical, rather than one day like in the base model? 
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The form of the question suggested the use of an 
ANOVA-design, taking the "criticality-definition" as the 
“treatment” and then testing the hypothesis whether the ef- 
feereot that treatment on the deviation from the expected 
number of mishaps is significant or not. The only problem 
ferme that was that the different criticality definitions 
(runs) were not independent from each other, because some of 
Mmmemeritical days having been counted already for the base 
case model appeared again as part of a two-day or the three- 
fewemodel. tIherefore, the question had to be approached 
meee tremcly. For each of the three cycles, it was deter- 
mined. how Many mishaps occurred on the day before the crit- 
meleday, On the critical day itself (as defined in the base 
model), and on the day after the critical day. Then, if one 
of the two-day models or the three-day model should have 
fem Stronger significance than the one-day model, high 
mereeati1ons in the “day before" and "day after’ were necessary 
femmeatise that effect. 

In order to eliminate an influence from the fact 
@ieeethere are more occurrences of critical physical days 
Meuse Of the shorter period, etc., and, therefore, a devia- 
tion of, for example, five days has a different significance 
meeach Of the three cycles, the measure of deviation was 
defined as the normalized ratio 


nee — -_Expected x 100 [3%]. 
Pepeetca 


femme ollt Seobservca are Sivown in Table x. 


Sal 





Day Before Critical Day Day After 


peo - day 

Pie 361 360 368 
Bea ay ering 318 311 
eyvcle 

5 OTEw 279 255 252 
eycle 


Table X. Mishap Observations for ee Three Cycles in the 
CEP Eleatbewategory . 

itemesmcetcummummers of misltaps for the 24-day cycle 
Memeo) 7,915, tor the 28-day cycle were 310.429, and for the 
Meeday cycle 263.394. Based on that, a non-parameteric 
Analysis of Variance was used to test the Null-Hypothesis of 
no difference between the days, using R as data inputs. Be- 
momen doing that, the probability of occurrence of the obser- 
vation in each cell under the binomial test was computed, 
using the normal approximation in the already explained 


method, 


Probability of Occurrence Under the 


Assumption of no Influence from Biorhythms 


Day Bertone Critical Day Day Aiter 
moeaday cycle Pee sot) 0eromertx=500) = 0,17 P(x>588) = 0.22 
we-day cycle Pee os) eo ome oe oleae 90.54 P(xesll) = 0.49 
mo-day cycle ee ere (xo 255) = 0-30 ~P(x<252) = O25 


From that point of view, whatever day was looked at in 
whatever cycle, there was no significance at the chosen level 
of 0.10. To test whether there was a difference between the 


three days, the value of R was tested, using a Friedman Two-Way 
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Analysis of Variance, based on ranks. This technique was 
used despite its lack of power, because the parametric ANOVA 
Zediured normality and constant error variance - a very 


Monbtril property of the data under investigation. 


Condi tion 


Ways Before Cia Gieals Day Day After 


P (-4.48) 2 17 ees (+2.67) 1 

E (+0.83) 3 (+2.44) 1 (+0.18) 2 

I (+5.92) 1 (Gea 2 (Aces 

R. 6 6 6 
j 


The data points R (in parenthesis) -were ranked such 
Mmmere within cach cycle, the highest positive deviation got 
iit, the larsest negative rank 3. Under the Null-Hypothesis 
meme Gitterences between the days and their mishap occurrences 


each rank assignment should be equally likely (a = 0.10). 


bet, N= number of cycles = 3 





k = number of conditions (days) = 3 
Test statistic: | 
nn RS = SN (k+1) 
i Neha) sell q 
Beer c oS REMC «523-4 = 36 - 36 = 0. 
554 = 
Envelee pL Ne (WieresySmnOmGatrerence if deviation between days. 


The interpretation of these results was interesting 
Micmac munemanaiysas showed a support of the criticality 


(een omae cine base case, just looking at one critical 
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Tee cuienere thesirrelevance of the intellectual cycle as 
EwCCnenimDuUtine  taetor FO dircraft mishaps became apparent 
feeeilee1veensistene deviations on the three days of the 
Sit Cadlescategory. —SUDPOrting its elimination from the 
model. Because the non-parametric ANOVA yielded non-signifi- 
SAnueresuUlES aS Lar as difterences in the deviations of each 
cpeiverc scomee wean tne Choree of those with the highest 
bpelatwve significance yielded the actually used "critical 
days" of the 23 and 28 day cycles, after elimination of the 
Bo-day cycle. the author felt, however, that these were not 
very powerful results and called for further analysis, as 
pointed out in the conclusions. The important aspect of this 
Moeeeeor Che alalysis was that 12t turned out to be of no in- 
fluence on the question under study, whether two or even 
three days were defined as critical. 
Se Memes e100 OO eACCrdenimamny ne 

A very important question to be answered in the study 
of biorhythmic influence on accidents (aircraft-mishaps) is 
Miceduestron tO what degree the pilot was a contributing or 
even the only factor. The problem was that an unknown num- 
ber of mishaps might have occurred in such a way that the 
condition of the pilot was completely unimportant because 
even an absolute error-free performance would not have pre- 
vented the mishap. An example for such a case might be an 
Pee ebomlomctrueh by a lightning right at the moment of take- 
miler ment omiiminavotdaple accident. It should be men- 


tuomed that extreme care 1S given to the answer of the 
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question in how much a pilot was a contributing factor. 
[mite Investigations in that direction are done by groups of 
meecnns, trying to take into consideration every possible 
factor. 100 often, however, the judgement about the classi- 
fication "pilot factor" is just as good as the measurement, 
being taken by other humans with all their possible bias 

gma errors. the data-base for this study consisted of 
@areratt-mishaps, where ae pilots in all cases were a 
Simeninuting factor to some extent. There existed the pos- 
moet y that Diorhythmic criticality in its influence on 
accidents would show up with higher significance, if the 
data-base was reduced to those, where the pilot was the 

buy cause. Unfortunately, the difficulty of classifying 
elenmishaps remained: Did the engine fail because of a 
pam CTYOLr, Or did the pilot react poorly after engine fail- 
ure, or did a combination of unfavorable circumstances leave 
mew pilot without the slightest chance? 

Based on considerations like these, it was felt, that 
miemdata were just not suitable for” an a ee Cte wp delioc 
oimby mishaps, which unfortunately seems to be the case for 
meeeerart-mMishaps in general. A short look at 2310 mishaps 
out of the total data-base, which had been categorized as 
eealot tacter only'’ under the base model showed the antici- 
Ieced resemblance to the result of the total data-base 
investigation as shown in the following table. 

lopcwmunbe thes cttect of biorhythmic criticality on 


eevere-mrsnaps Lunther under this aspect, the necessity of 
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lean widtaboecomes the’ erucial point. Possibilities in 


Mitieainectiom are pointed out in the conclusion. 


Number of Mishaps 





Cmitres iat ty Peace ted Observed 
mon-Critical 1840.15 1844 
smmole physical 5450 170 
sangie emotional 140.91 Ny 
eamgile intellectual (117.81 Be? 
Double physical/emotional a OO 12 
Double physical/intellectual je Ss 11 
Double emotional/intellectual 9.24 9 
imiple critical Wes, 0 

Ow AL Coad) ZA 
mee XI). “Pi lot-Factor-Only" - Cause Observed Mishaps. 
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IV. CONCLUSION 


pee DISCUSSION 

minerouaseomwly little doubt left today about the factual 
eeastence Of cycles of various kinds influencing human beings. 
lwmy OL these cycles are well known to us, like the circadian 
cycle, others we are completely unaware of like the differences 
mmeche secretion of certain glands. Nevertheless, all of them 
do affect us in some way, as was shown in numerous experiments 
Moet ly in the medical field {Luce, 1971, Ward, 1971]. Danish 
emeroecrinologist, Dr. Christian Hamburger, showed a near-monthly 
@yete in the fluctuations of adrenal hormones (known as 17- 
Ketosteroids, sex hormones that are affected by gonadal secre- 
Mmioneand Can be detected in the urine) based on daily 
Meeervations for 16 years {Luce, 1971]. A wide field of 24- 
fee periodic phenomena led to a completely new science al- 
fee in the 1930's, called biological rhythm research (this 
Was triggered by the discovery of A periodic alternating 
memmaeeo Oot Glycogen and bile in the liver, found in 1927 by 
Forsgren [Ward, 1971]. Many more experiments about biological 
rhythms could be cited from the literature, pointing towards 
Meee Calusalities of these periodic alterations. The purpose 
freenis Study was £oO contribute to the filling of the wide 
gap between known medical facts in a particular field of 
Pioloolca meriy thmseand their possible intlttence on accidents. 


Not the biological rhythms themselves, and what leads to their 
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existence, has been under question, but in how far human 
error in connection with these has a high correlation to 
pecidents (here with aircraft). 

The findings of the study supported the importance 
@methne relativity in the theory of biorhythms. Significant 
merctuence from criticality on accidents in general, as re- 
Mmomerea tor different groups of people like truck drivers or 
agricultural workers [Thommen, 1973], could not be observed 
for pilots, possibly becuase of the high qualitative selec- 
Mmmeety OL this group. The irrelevance of the intellectual 
33-day cycle led to its elimination from the model, support- 
men ene results obtained by Schwing [Thommen, 1973]. A con- 
Sideration of the criticality state (in the two-cycle model) 
of both cycles showed a high negative correlation (signifi- 
cance 0.117) between pilots under and above 30 years of age. 
Memsemeant that the criticality state of the 23-day and the 
maeday cycle had in many cases opposite effects in connection 
with aircraft mishaps in the mutual comparison of the two 
mentioned age groups. For applicd “purposes, apeeuies eit Gta 
mecording to the age of the pilot seemed justified. A sig- 
mertecant (0 = 0.03) reduction of accidents was observed for 
mies younger pilots when a critical physical day was accom- 
panied by a positive state of the emotional cycle, while an 
miletrease OL accidents could be observed on double critical 
days for this age group. The exact opposite effect occurred 
Pimento wcise mot the Older group with the additional effect 


CeveMreretecd nimper Of mishaos occurring on physical 
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Semepeal days and) a négative state of the emotional cycle. 
mm nctwlambe moted that these effects did not show up to 
tat extent when investigating only the state of one cycle. 
Pumcne question of the "critical category" it was concluded 
Prete nO Sle@niticant change in the results is to be expected 
ferme sooking at critical intervals of two or three days 
length rather than at a critical day (assuming the two- 
Sele model). Further research, however, was considered to 
Mmempecessary for more powerful results than the ones obtained 
Byetne analysis. Ihe author did not feel confident enough 
MimanrigOrous categorization of the data in the type "pilot 
MmaebOr Only" caused accidents, to use the 2310 mishaps of 
Mrs type for analytical purposes. Again, suggestions for 
merener Study will be given to obtain evidence about that 


MiaeUeT. 


PeeAREAS OF FURTHER STUDY 

ms sO Often happens in research, the gain of a few new 
insights opened up more doors to the unknown, thus leading 
@emeanreas Of further research. Some of ite ones which seemed 
Bombe MOst apparent are listed below. 

meeiicenestts od the anvesemeation of the “critical 
category" suggested further research in the direction of the 
Peret Shapemorethe three cycles. A possibility 1s for ex- 
miple, counting the number of mishaps which occurred on each 
day of a cycle. Then, tests for uniformity of these numbers 
Couli DewrUMmemin addition to a Regression analysis trying to 
Pies tie wdenendent Variable Y = number of mishaps as a 
Miieelonmolsticemeycle C and the day D, 1 < D< I, where 


=o 


-< 
i 


Cw) > 0, 


and 


T 


Demme dmotl Gye ke C , 

Under the Null-Hypothesis as stated in this study several 
fimes, Y Should be constant N/T, for a given set of N 
mishaps. 

Deron EitsmanalysiS JuSt mentzoned, the idea 
Seuld be extended to find this function Y = £(C,D) for 
Stem, possible pilot age (as far as enough data are avail- 
aoe). this would be particularly interesting under the 
Meet OL POSStble ditterences between these functions, 
depending on the pilot-age, after having found strong indi- 
eeerons in that direction in this study. This would allow 
Mmmiocoedewilicd GCCCrMinatloOn Of criticality influence on 
mesic peettic age, provided enouch data aré available, which 
Meeont not be the case for very young and relatively old 
fuebots. the question of Sample size becoming very crucial 
mould require its careful determinatiom to fulfill minimum 
meauarementsS as far as both power aie significance are 
Goncerned. 

3) As pointed out in the attempt of analyzing those 
mishaps with a high degree of pilot involvement ("pilot 
Pooaacmeoniny  )ee the Classi#p@eatton of the data in that re- 
occ omoOmtarenOok quUlte SUrLTcient for statistical pur- 
poses, because too many different people are involved in 
Pilonecatbeugniadurenl process. A suggestion might be to use 


Statistical Decision Theory to establish criteria which would 
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enable an investigator of a given data set, to distinguish a 
mishap with high enough pilot involvement from others with 
too many factors having contributed to the mishap. An in- 
teresting approach would be the use of signal detection 
mmeory, as described by Swets, Tanner, and Birdsall in their 
eeracile ‘Decision Processes in Perception’ (Psychological 
Peview, 1961). Calling all the possible mishap-contribu- 
muon shactors slake environment, technical failures, other 
Mmagiiiemotc. Nolse', and the pilot's error the "signal", 
a policy could be established defining the circumstances 
Piaget which a given mishap is called “pilot factor caused", 
thas design also would take into account the fact that there 
iemeiways ‘noise’, that 1s, an accident will rarely have the 
foemeetactor 'pilot* as its only cause. Analysis of these 
data could then be performed to test the significance of 


mmomaycthnmic criticality on aircraft-mishaps. 


all 
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even ten: | APPT GAITION OF BIORHYTHMIC CRITICALITY AS A 
SUGGES! TON POR USE EN A 'SORTIE SYSTEM SAFETY 
EVALUATION" 

The concept of biorhythms should not be seen alone, but 
always integrated into the man-machine system under inves- 
tEieation. A suggestion of its possible use in military 
aviation (which could be easily modified for commercial 
flying) was considered to be illustrative for demonstrative 
purposes. The model just shows, at what place information 
peur the Dirornythmiec State of a pilot could be utilized. 
ieosune 1975, an article in the Naval Safety Review magazine 
Pee OACH with the title “System Safety and the Decision 
ier Was presented by LCDR R. A. Hess (USN), containing 


meolc gestion £Oor a "Sortie System Safety Evaluation": 


System Safety Evaluation 


eld CTCW EMueonme me Alreras € 
seeraining eel ta ie is -known faults 
- qualifications = heme an “SyStCm de@iaca tion 
wecapability - navaids Sic load 
Zeer e rh Lemec - terminal facilities -change compliance 
S attatuge - mission -configuration 
ewirealth SCG cle -weapons load 
maak Le cy melee lit -repeat gripes 
eee eo ie PmEcmpeuacuire -quality of 
ati cemanee 
eaeetet cite talc 
CLC. CLC. euc. 
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NATOPS CHECKS 
QUALIFICATIONS} . 
FLIGHT LEADER [ 

[BUDDY SYSTEM 











AEROLOGY 
CHARTS 
lel P 

INTELLIGENCE 
SES OFEICER 









Environment >< 
element ££ 













YELLOW SHEETS 
MAINTENANCE 
CONTROL 






Pe NiTerast 
Welement = 











According to that the three elements were now rated as shown 


mimmeeme LOllowing table, and the scores were added to a "Sortie 


ioreal'’ . 
Outstanding Good Fear Marginal 

feo ACR 5 4 3 2 
element 
Pi ronment 
element : : : : : 
peercrat t 
earement - : é : L 

TOeadieot 
meceptable 8-12 
Bmecesirabiec 6-7 (Requires CO evaluation and decision) 


Unacceptable 3-5 (Requires revision of elements) 
Pi titsmnedciethesamportance of the human factor was 


recognized by Giving more weight to the Aircrew element. An 
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improvement certainly would be, to replace the rigid number 
scale by a function, thus taking into account more the human 
complexity without taking away from the practicality. This 
is also the element, where the biorhythmic condition of 

emo Airerew would be represented, namely as one of the in- 
@epenaent variables, influencing the dependent variable 
Baircrew'. One very simple example for such a function 


might be the :following: 


i 


Mebea st (An LE BC. O) 


Co| 4 


(emer tamed Bb Cat() ) 


where 


E and A like defined above; 

lGmoeinids etOr. Lire Gianges  , a concept of mea- 
suring intiluences from the psychological side on a scale, 
ieee nacathn Of a close relative, or many imoves to difierent 
mdqecs 1n the past year, etc. {|Rahe, 1973]. The LC-value 
ranges from 0 to 13. 

Selec ccm ton btOlny thine criticality, defined on 
Meeale trom 0 to 10. The value 0 would be assigned, if the 
paekot would have the most critical erace with the highest 
Meetadcnt probability, the value 10 for the most favorable 
Bera te , 

mOmalamas LOredirereys Gualitications, experience, 
mec,, and is scaled from 0 to 10. 

Hic riitenOtmuiiicetunet von would be 5 < ACR < 0.125, 

which would still keep computations simple enough, but the 
Pott wWoulemmowepe al tittle bit more sensitive to slight 


differences within the aircrew element. Defining the region 
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between 5 and 8 as the one, where CO evaluation and decision 
/memretuitedsetne "poor values of the aircrew element now 

fells into this range, which seems to make sense. A "marginal't 
Mere sor Ene aircrew element should not lead to an "accept- 
@eee total, even if everything else looks outstanding. 
POmmtnec system reflects the very high requirements for the 
mmienrew clecienc, 11 Environment and aircraft are marginal. 
idk, i teshould be emphasized that this was just considered 
to be a suggestion for the possible application of Biorhythms 
meavidtion, and that more research in the suggested direc- 


tion needs to be done. 
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